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Abstract 
Maintenance has traditionally been viewed as a negative aspect of doing business, incurring cost and causing downtime. For the mining sector, 
maintenance can be up to 30% of direct costs and much more in terms of the hidden costs of lost production, higher energy costs, reduced asset 
life and increased safety and environmental issues. By combining leading edge proactive maintenance strategies with the unique knowledge of 
an experienced equipment supplier, the concept of an "integrated asset management" partnership can turn this traditional view of maintenance 
into an investment that will improve all aspects of sustainability in an increasingly competitive and complex business environment. 
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1. Introduction 
For many people involved in managing industrial operations, maintenance has a very negative meaning. The traditional view 
of maintenance is one of “fixing things when they are broken”. It means cost, downtime, non-value-adding activities, 
unpredictability, environmental issues, safety issues, unhappy customers etc. In terms of sustainability, if one defines this as
producing products with the minimum impact on resources, the environment & society, then traditional maintenance is not seen as
a positive contributor. 
In the mining & industrial sector, the direct costs of Maintenance can vary from 10-30% of the cost of production and over the 
life cycle of the equipment can be significantly more than the capital value of the equipment. 
Enlightened companies now recognise that this traditional approach to maintenance has an even far greater impact on their 
business than just this direct cost. However, they also understand that maintenance, when properly managed, can be a significant
value-adder, improving both profitability & sustainability. This can only be achieved by embracing a proactive rather than a 
reactive approach to the management & execution of the maintenance.  
This Paper builds further on this concept of proactive maintenance by identifying the additional benefits to be derived by 
incorporating the unique knowledge of the equipment supplier to create an “integrated asset management” partnership that will 
further enhance: 
x Plant performance & profitability  
x Costs
x Sustainability in terms of increased equipment life, reduced resource utilization, improved environmental performance. 
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2. Traditional Reactive Maintenance  
The traditional understanding of maintenance and the approach still followed by a surprisingly high percentage of companies is 
that it is a “necessary evil” whose role is to respond quickly to unforeseen breakdowns & minimise the impact on production. 
Under this scenario, the best maintenance people are defined as those “fire fighters’ who respond in the quickest time possible
(particularly in the middle of the night) & make an emergency repair to get the plant operational again. There is little consideration 
or understanding of the short-sighted nature of this approach when the same equipment breaks down sometime later as a result of
the temporary repair. This follow-on failure is considered as just another random unrelated event that is a normal part of doing
business. 
This reactive approach to maintenance has a number of typical characteristics which highlight the reason why it contributes little 
if anything to profitability & sustainability: 
x Normally, less than 30% of the day is spent on effective work, due to poor planning & resources not being available.  
x Maintenance costs are high by industry standards which is not surprising as unplanned/unscheduled work can cost as much as 
five times more than planned work 
x Material costs are up to 50% more than those of a proactive approach  
x Overtime is high & often averages more than 15% of total time worked 
x In this reactive environment energy consumption is 5-10% higher than necessary due to the poor state of the equipment & the 
resultant friction & other losses.  
x Equipment maintained in a reactive manner lasts 30-40% less than it should. In other words the capital cost per unit produced 
is at least 50% more.  
x Plant performance as measured by Overall Equipment Effectiveness or Uptime is well below industry benchmarks. 
x The Computerised Maintenance Management System (CMMS) is usually only partly installed & is regarded as an impediment 
rather than an aid by many people. 
x Environmental & safety performance is often poor. 
These reactive activities of repairing broken down equipment or even changing out equipment on a fixed-time basis regardless 
of condition add little or no value to the business. They generally do not contribute to improved performance, output, quality, cost 
etc. At best they simply restore the equipment to where it should have been. At worst, they actually increase the level of downtime 
or performance issues. 
Typically, the cost of this reactive maintenance is only considered as: 
Maintenance Cost = Labour+ Overheads+ Materials+ Contractors 
The Total Cost of Maintenance is however a vastly different story. The Direct Costs are quite literally just “the tip of the 
iceberg”, with the true cost impact being up to five times greater. 
Figure 1 shows the types of “hidden costs” associated with maintenance. 
Figure 1: Total Cost for Maintenance 
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If one quantifies these “hidden costs” then “Lost Production” is usually the greatest financial impact. In a typical asset-intensive 
continuous process industry, a 1% improvement in the Overall Equipment Performance (OEE) or Uptime of the plant will add 4-
8% to the bottom-line. This is compared to a direct 1:1 gain by reducing the cost of maintenance or the need to boost sales 
significantly to get the equivalent result through that channel. Equally though, a 1% reduction in OEE has a similar reverse effect.  
In the mining industry, the percentage gain in profit improvement from better maintenance is usually lower than for a continuous 
process industry however the absolute gain can be even greater, particularly at a time of high market prices.  
In an increasingly competitive & complex business environment and one in which sustainability is regarded as a key measure 
of a company`s contribution to & acceptibility by the wider community, a reactive approach to maintenance is no longer 
appropriate.
3. The First Step – the Shift to a Proactive Approach to Maintenance 
A key step in capturing the true potential of any plant and thus improving it`s reliability & sustainability is to put in place the 
strategies, policies, processes & procedures to shift from a reactive to a proactive maintenance culture. 
A proactive approach to maintenance is not just about doing traditional repair maintenance better ! 
It is about implementing a program focused on: 
x Understanding the strategic, operational & safety/environmental impacts of the different equipment systems i.e. criticality 
analysis
x “Doing the simple things well” – cleaning, lubrication, alignment of rotating equipment 
x Implementing a reliability – based asset management strategy  
- preventive/predictive maintenance of critical assets 
 oil/grease analysis, vibration, thermography etc 
- implementing “best in class” practices for equipment   
x A high level of planning and scheduling including well planned outages  
x Root cause analysis of problems  
x Measurement and benchmarking to drive improvement towards Best Practice 
x The right organisation & people to deliver the results  
Before embarking on such a program, it is important to understand where the organisation currently  “sits” in relation to the 
evolution of maintenance strategies on the site (Figure 2). It is not uncommon for a  company to be convinced to initiate action on 
the latest new “flavour of the month” in terms of maintenance. Unfortunately, without a proper assessment of the current status of 
maintenance in the organisation together with a clear long-term strategy & the top-down determination to commit the resources 
necessary to achieve the results, the outcome is often disappointing and can even result in a worse performance. For example, the 
industrial world is littered with examples of half-finished CMMS systems. In many cases, the manual systems have been disbanded
(or are being operated in parallel !) & replaced by a computerised system that complicates the processes without adding the value
expected and required from what is often a multi-million dollar investment. This is usually because there was a lack of 
understanding of where on the continuum shown Figure 2  the organisation was at before starting the process and therefore what 
work was required to achieve a successful implementation of the CMMS as part of an integrated approach. In many instances, 
management believed that the CMMS is in fact “the maintenance strategy”, not just an essential tool for a progressive workplace.
Similarly, there can be a rush to implement Condition Monitoring,  Reliability Centered Maintenance(RCM) or Total Productive 
Maintenance (TPM) processes when there is nothing in place to ensure that the “simple things” in terms of preventive maintenance
are being done.As an example, it is a waste of time & effort to introduce  vibration monitoring to alert for premature bearing failure
if there is no mandatory requirement to properly align the rotating equipment in the first place – a common situation, particular
during breakdowns on back shifts. Premature failure is a 100% certainty which will probably happen with or without the vibration
monitoring !                            
451 Ken Henderson et al. /  Procedia Engineering  83 ( 2014 )  448 – 454 
Figure 2: Evolution of Maintenance Strategies 
To ensure that the transition to a successful pro-active strategy can be achieved it is important to first undertake a structured
“Maintenance Process Assessment” using experienced personnel from an external source to develop an objective picture of the 
capability of the management systems, processes & personnel. One proven methodology is based on: 
x Interviews with a cross-section of management, maintenance & operational personnel  
x Examination of plant performance records, maintenance records, organisational structures & existing systems. 
Based on the evaluation of the organisation`s scores against good practice for the various maintenance management process 
categories being assessed (Figure 3), a gap analysis can be carried out to determine what actions are necessary to reach the desired 
level of performance.  By this means the pitfalls mentioned earlier can be avoided and a comprehensive, structured program can 
be developed to make this change from reactive to proactive maintenance. 
Figure 3: Maintenance Management - Maintenance Process Audit 
4. Implementation of the Proactive Program 
Even with external assistance to assess the current situation & develop a roadmap to move forward, the effort required to 
implement the change from a reactive to a proactive maintenance strategy can be daunting. The process is particularly hard for in-
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house maintenance organisations. 
To achieve the necessary results in a reasonable time-frame it may be best to establish an alliance contract with a professional
maintenance organisation to develop & implement the maintenance processes & execute the actual work, using either the existing 
workforce or other local personnel. The benefits of such an approach being successful are based on 2 main criteria: 
x Involvement of a “critical mass” of experienced personnel who can focus totally on the task. 
x The opportunity to have a performance-based contract providing the necessary commercial impetus to achieve the results. 
This performance-based contract should be based on a defined set of Key Performance Indicators that are selected & “weighted” 
to reflect the needs of the customer. They would normally include: 
x Achievement of the process milestones 
x Improvement in plant performance. 
x Optimisation of cost. 
x Improvement in safety & environmental performance 
x etc
The key to success is the ‘alignment” through the KPI`s of the customer`s business objectives with the maintenance objectives 
of the alliance partner (Figure 4). 
Figure 4: Common Objectives 
5. From proactive maintenance to Integrated Asset Management 
While the successful implementation of a proactive maintenance strategy together with a performance-based contract can deliver 
significantly improved results, even more can be achieved if this includes the unique knowledge and capabilities of a global 
equipment supplier who also has competence in the provision of reliability-based maintenance & service. 
It is a reality that on many industrial sites the equipment supplier who has designed, constructed & supervised the installation
& commissioning is often not involved in the on-going operation & maintenance of the plant. The reasons for this are many but 
can include: 
x Concern from some suppliers, particularly those with a narrow organisational base & limited resources, about the implications 
of on-going liabilities & hence a desire to exit the scene as soon as a contractual handover is completed. 
x Concern by some customers that the continued involvement of suppliers is a risk because their specific plant knowledge may 
be passed on to others. 
As Figure 5 shows, under this scenario, there is a major disconnect created between supplier & customer for much of the life of
the equipment.  
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Figure 5: Disconnection of the Supplier & Customer 
The end result is a missing opportunity for both parties in terms of: 
x Utilising the equipment suppliers know-how to optimise the performance & maintenance of the plant, both that of the suppliers 
manufacture & similar plant from others. 
x Providing feedback to the equipment supplier to improve the design of future equipment according to Customer’s needs 
The supplier who also has the skills & knowledge to deliver comprehensive maintenance & services is in a unique position to offer 
enhanced services throughout the life cycle. This unique combination can be summarised as:  
The specific areas through which to add this value include: 
x An in-depth knowledge of the design basis of both its own equipment & the similar equipment from other suppliers together 
with the skills & resources for enhancing life cycle services.  
x Spares optimisation based on its global experience. 
x Ability to use the on-board systems designed primarily for machine protection to acquire data for maintenance analysis. 
x Use of the equipment design knowledge to enhance condition monitoring programs by measuring operating variables against 
design parameters to monitor wear etc. This knowledge is also valuable in choosing the correct location & type of sensors, oil 
sampling parameters etc 
x The development of equipment maintenance plans, in conjunction with the customer, which relate specifically to the particular 
operation rather than be of a generic basis. 
x Material enhancements to improve life based on the actual site conditions. 
x Design modifications to improve maintenance access & cleaning. 
x Expert oversight & analysis on a regular basis to assist in maintaining plant performance & integrity. 
x Debottlenecking improvements based on the feedback from operations & maintenance personnel working together. 
x Shared knowledge & expertise gained from other sites (with appropriate confidentiality) to enable benchmarking of 
performance. 
x Training for customer personnel to improve both operations & equipment care. 
x Life extension projects at the optimum time to minimise cost & maximise the benefits. 
x Improvements in system documentation through feedback from the site. 
x Optimisation of energy requirements based on analysis of operating requirements & introduction of the latest design advances 
where appropriate. 
x Incorporation of specific site maintenance requirements into future projects. 
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Through this alliance, the proactive maintenance philosophy can be further enhanced by this unique supplier expertise to enable
creation of an Integrated Asset Management approach that will optimise the total business performance of the plant over the 
complete life cycle and in so doing, create the conditions for the most sustainable outcome possible in terms of:  
x Plant performance & profitability  
x Costs
x Equipment life, resource utilisation, environmental & safety performance. 
The benefits of introducing enhanced maintenance strategies can be leveraged to a higher level.  
Figure 6: Evolution of Maintenance Strategies 2 
Instead of perpetuating the traditional disconnect between supplier & customer once the plant is commissioned, a global equipment 
supplier with dedicated maintenance business capability can become a value -adding partner for the whole life cycle (Figure 7).
Figure 7: Value-adding over the life cycle 
6. Summary 
In summary, by combining leading edge proactive strategies with the unique knowledge of an experienced global equipment 
supplier who can deliver high level maintenance & service capability, the concept of an "integrated asset management" partnership 
can turn the traditional negative view & impact of maintenance into an investment that will improve all aspects of sustainability in 
an increasingly competitive and complex business environment. 
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